A taxonomic study was carried out on strain 19-m-6 T , which was isolated from deep sea sediment of the South China Sea during the screening of alkane-degrading bacteria. The estimated DNA-DNA hybridization values between strain 19-m-6 T and these three type strains were 22.0, 22.6 and 21.2 %, respectively. Four alkane hydroxylase (alkB) genes were obtained from the draft genome sequence. The G+C content of the chromosomal DNA was 56.44 mol%. The major fatty acids were C 16 : 0 , C 18 : 1 !7c and summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c). The polar lipids were phosphatidylglycerol, phosphatidylethanolamine, one aminolipid, three phospholipids, two glycolipids and two aminophospholipids. According to its phenotypic features, fatty acid composition and 16S rRNA gene sequence, the novel strain fitted well into the genus Alcanivorax, but could be clearly distinguished from all other known Alcanivorax species described to date. The name Alcanivorax nanhaiticus sp. nov. is thus proposed, with 19-m-6 T (=MCCC 1A05629 T =KCTC 52137 T ) as the type strain.
The genus Alcanivorax, which includes the most important alkane-degrading bacteria in the marine environment, was proposed by Yakimov et al. (1998) and, at the time of writing, it comprises ten recognized species, namely Alcanivorax borkumensis (Yakimov et al., 1998) , A. jadensis (Fern andezMartinez et al., 2003 ), A. venustensis (Fern andez-Martinez et al., 2003 , A. dieselolei (Liu & Shao, 2005a) , A. balearicus (Rivas et al., 2007) , A. hongdengensis (Wu et al., 2009) , A. pacificus (Lai et al., 2011) , A. marinus (Lai et al., 2013) , A. xenomutans (Rahul et al., 2014) and A. gelatiniphagus (Kwon et al., 2015) , all of which were isolated from marine environments. Members of the genus Alcanivorax are Gram-stain-negative, aerobic, motile or non-motile rods that are chemo-organotrophic, tolerate high salt concentrations and obligate hydrocarbonoclastic bacteria (Kwon et al., 2015; Yakimov et al., 1998) . In this study, we describe a novel strain, 19-m-6 T , isolated from deep sea sediment of the South China Sea during the screening of alkanedegrading bacteria. Comparative 16S rRNA gene sequence analysis indicated that strain 19-m-6 T belonged to the genus Alcanivorax. Characterization and classification of strain 19-m-6 T were carried out using a polyphasic approach.
The deep sea sediment was sampled with a TV grab in June 2007. The sampling site was located in the South China Sea, at a water depth of 2150 m. The sediment was enriched in 100 ml fresh sterile NH medium [NH 4 NO 3 1.0 g l À1 , 1 litre seawater, pH 7.5, 121 C, 20 min, supplemented with 1 ml sterilized KH 2 PO 4 (50 g l
À1
) and 100 µl FeSO 4 .7H 2 O (2.8 g l
)], with a mix of eight alkanes (C 9 , C 10 , C 12 , C 16 , C 20 , C 24 , C 28 , C 32 ) and one pristane as sole carbon source (0.01 g l À1 for each alkane). The strains were then isolated on 216L marine agar medium (per litre seawater: CH 3 COONa 1.0 g, †These authors contributed equally to this work.
Abbreviations: gyrB, DNA gyrase subunit B gene; alkB, putative alkane hydroxylase gene; ANI, average nucleotide identity; DDH, DNA-DNA hybridization.
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA and gyrB gene sequences of strain 19-m-6 T are KM453740 and KU681507, respectively. tryptone 10.0 g, yeast extract 2.0 g, sodium citrate 0.5 g, NH 4 NO 3 0.2 g, agar 15 g, pH 7.5) according to a previous study .
Genomic DNA was extracted according to a previously described method (Ausubel et al., 2002) . The 16S rRNA gene sequence was determined according to its draft genome sequence. Sequences of related taxa were obtained from the GenBank database. Levels of 16S rRNA gene sequence similarity were determined using the EzTaxon-e server (Kim et al., 2012) . The DNA gyrase subunit beta (gyrB) gene sequence was obtained from the draft genome sequence. Phylogenetic analysis was performed using MEGA version 5 (Tamura et al., 2011) with distance options according to the Kimura two-parameter model and clustering with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and minimumevolution (Rzhetsky & Nei, 1993) T satisfied the threshold criterion [10 % nucleotide substitution rate (Venkateswaran et al., 1999) ] of sequence diversity as representing a distinct species.
The draft genome sequences of strain 19-m-6 T and A. jadensis T9 T were determined by Shanghai Majorbio Bio-pharm Technology, using Solexa paired-end (500 bp library) sequencing technology. A total of 500 Mbp clean data for each strain were generated to reach about 100-fold depth of coverage with an Illumina/Solexa Genome Analyzer IIx (Illumina). The clean data were assembled by SOAPdenovo2 (Luo et al., 2012) . The draft genome accession numbers for strains 19-m-6 T and A. jadensis T9 T are ARXV00000000 and ARXU00000000, respectively. The genome sequences of A. hongdengensis A-11-3 T and A. borkumensis SK2
T were obtained from NCBI with accession numbers AMRJ00000000 (Lai & Shao, 2012b) and NC_008260 (Schneiker et al., 2006) , respectively. The average nucleotide identity (ANI) between two genomes was calculated using JSpecies (V1.2.1) (Richter & RosselloMora, 2009 ). Estimates of DNA-DNA hybridization (DDH) were analysed using the genome-to-genome distance calculator (GGDC2.0) (Auch et al., 2010a, b; Meier-Kolthoff et al., 2013) . The ANI values between strain 19-m-6
T and the three closest related reference type strains (A. jadensis T9 T , A. hongdengensis A-11-3 T and A. borkumensis SK2 T ) were 85.12, 85.87 and 84.35 %, respectively, which are below standard ANI criteria for species identity (95-96 %) (Richter & Rossello-Mora, 2009 ). The DDH values between strain 19-m-6 T and these
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three type strains were 22.0, 22.6 and 21.2 % respectively, which are below the standard cut-off criterion (70 %) for species discrimination (Wayne et al., 1987) . These results confirmed that strain 19-m-6 T represents a novel species of the genus Alcanivorax. Four alkane hydroxylase (alkB) genes (Y5S_00475, Y5S_01660, Y5S_01662 and Y5S_03595) were obtained from strain 19-m-6 T based on the draft genome sequence. Two to four alkB genes had been reported in species of the genus Alcanivorax based on complete or draft genome sequences (Lai et al., 2012; Lai & Shao, 2012a, b; Schneiker et al., 2006) . The DNA G+C content of strain 19-m-6 T was 56.44 mol% according to the draft genome sequence (ARXV00000000), a value close to that of A. jadensis T9 T (58.37 mol%, determined from the draft genome sequence ARXU00000000).
Cell size, morphology and flagellation pattern were determined by transmission electron microscopy (JEM-1230; JEOL) after cells had been negatively stained with phosphotungstic acid (Fig. S1 , available in the online Supplementary Material). General cell morphology was studied under an Olympus inverted microscope using 2-day-old cultures of the strain grown on 216L agar. Gram-staining, catalase and oxidase activities, and hydrolysis of starch, gelatin, Tween 80 and aesculin were examined according to standard methods (Dong & Cai, 2001) . Tolerance of NaCl was tested by using 216L medium supplemented with NaCl at 0, 0.5, 1, 3, 5, 7, 10, 12, 15, 17 and 20 % (w/v). The optimal growth temperature was determined over the temperature range 4-45 C on 216L agar. The ability of strain 19-m-6
T to degrade a range of n-alkanes (C 10 -C 36 ) was determined in ASM medium, each alkane at a concentration of 0.1 % (w/v), as described by Liu & Shao (2005b) . Tests using the API 20NE and API ZYM strips (BioM erieux) and the Biolog GN2 MicroPlate were carried out according to the manufacturers' instructions, with the modification that the NaCl concentration was adjusted to 3.0 % in all tests. These results are given in the species description and Table 1 .
Cells were grown aerobically on modified marine agar (BD) including CH 3 COONa (1.0 g l À1 ) and trisodium citrate (0.5 g l
À1
) with pH 7.5 at 28 C for 72 h, and fatty acids were extracted, saponified and esterified; this was followed by GC analysis of the fatty acid methyl esters according to the instructions of the MIDI system (Sherlock Version 6.0B; TSBA6 Method) (Sasser, 1990) . T was tested under the same conditions as for other type strains of the genus Alcanivorax used during our previous study (Lai et al., 2011) . The predominant fatty acids (>10 %) of strain 19-m-6 T were C 16 : 0 (26.0 %), C 18 : 1 !7c (30.8 %) and summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c) (14.6 %) ( Table S1 ). The three reference type strains also contained these three fatty acids as the predominant components (Table S1 ). However, strain 19-m-6 T could be differentiated from its closest related type strain, A. jadensis T9 T , in the percentage of C 18 : 0 (6.8 versus 12.2 %). Analysis of the polar lipids was carried out by the Identification Service of the DSMZ, Braunschweig, Germany. The polar lipids of strain 19-m-6
T comprised phosphatidylglycerol, phosphatidylethanolamine, one aminolipid, three phospholipids, two glycolipids and two aminophospholipids (Fig. S2) .
On the basis of morphological, physiological and chemotaxonomic characteristics, phylogenetic analysis, ANI and DDH, T should be placed in a novel species of the genus Alcanivorax, for which the name Alcanivorax nanhaiticus sp. nov. is proposed. As shown in Table 1 , there are some significant characteristics that distinguish strain 19-m-6
T from related species of the genus Alcanivorax. Description of Alcanivorax nanhaiticus sp. nov.
Alcanivorax nanhaiticus (nan.hai¢ti.cus. N.L. masc. adj. nanhaiticus pertaining to Nanhai, the Chinese name for the South China Sea, the site from which the type strain was isolated).
Cells are short rods, 2.4 µm long and 0.5 µm wide, nonmotile, positive for catalase and oxidase, but negative for the Gram reaction, nitrate reduction, D-glucose fermentation, urease, b-glucosidase, gelatin hydrolysis, indole production, arginine dihydrolase and b-galactosidase. On 216L agar, produces smooth grey-white colonies with regular edges that are 1-2 mm in diameter after 72 h of incubation at 28 C, non-pigmented and slightly raised in the centre. Growth occurs at NaCl concentrations from 0.5 to 15 % (w/v) (optimum 3 %). The temperature range for growth is 4-41 C (optimum 28 C); no growth at 45 C within a week. Principal fatty acids (>5 %) are C 18 : 1 !7c, C 16 : 0 , summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c), C 12 : 0 3-OH and C 18 : 0 . The polar lipids are phosphatidylglycerol, phosphatidylethanolamine, one aminolipid, three phospholipids, two glycolipids and two aminophospholipids. In API ZYM tests, positive for acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, lipase (C14) and naphthol-AS-BI-phosphohydrolase; weakly positive for valine arylamidase; negative for cystine arylamidase, N-acetyl-b-glucosaminidase, trypsin, a-chymotrypsin, a-fucosidase, a-galactosidase, a-glucosidase, a-mannosidase, b-galactosidase, b-glucosidase and b-glucuronidase. In API 20NE tests, utilizes capric acid and potassium gluconate (weakly); unable to utilize adipic acid, D-glucose, maltose, D-mannitol, D-mannose, L-arabinose, malic acid, N-acetyl-glucosamine, phenylacetic acid or trisodium citrate. Grows in ASM with n-alkane as carbon source with chain lengths from C 12 to C 36 .
The type strain, 19-m-6 T (=MCCC 1A05629 T =KCTC 52137 T ), was isolated from deep sea sediment of the South China Sea. The G+C content of the DNA of the type strain is 56.44 mol%. (Yakimov et al., 1998) . Data for catalase, oxidase, API 20NE and API ZYM for the three reference type strains were obtained from our previous study (Lai et al., 2011) . The data for strain 19-m-6 T were obtained under the same conditions as used during that study (Lai et al., 2011) . +, Positive; W, weakly positive; À, negative. All strains were negative for motility and growth with 17 % (w/v) NaCl. In API 20NE tests, all strains were negative for denitrification, indole production, arginine dihydrolase, b-galactosidase, b-glucosidase, urease, Dglucose fermentation, and utilization of D-glucose, L-arabinose, N-acetyl-glucosamine, D-mannose, D-mannitol, maltose, adipic acid, malic acid, trisodium citrate and phenylacetic acid. In API ZYM tests, all strains were positive for esterase (C4), esterase lipase (C8), leucine aminopeptidase, lipase (C14) and valine aminopeptidase (weakly); but negative for cystine aminopeptidase, N-acetyl-b-glucosaminidase, trypsin, a-chymotrypsin, a-fucosidase, a-galactosidase, a-glucosidase, a-mannosidase, b-galactosidase, b-glucosidase and b-glucuronidase. 
